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Description

[0001] The present invention relates generally to thin-
film pigment flakes for use in a coating composition.

BACKGROUND OF THE INVENTION

[0002] Specialty pigments have been developed for
use in security applications, such as anti-counterfeiting
devices printed on banknotes, packaging of high-value
items, seals for containers, and even for direct applica-
tion to commercial items. For example, the U.S. twenty-
dollar Federal Reserve Note currently uses optically
variable ink. The number "20" printed in the lower-right
corner of the face of the note changes color as the viewing
angle changes. This is an overt anti-counterfeiting de-
vice. The color-shifting effect is not reproducible by or-
dinary color photocopiers, and someone receiving a note
can observe whether it has the color-shifting security
feature to determine the note’s authenticity.

[0003] Other high-value documents and objects use
similar measures. For example, iridescent pigments or
diffractive pigments are used in paints and inks that are
applied directly to an article, such as a stock certificate,
passport, original product packaging, or to seals that are
applied to an article. Security features that are more
difficult to counterfeit are desirable as counterfeiters
continue to become more sophisticated.

[0004] One anti-counterfeiting approach uses micro-
scopic symbols on multi-layer color-shifting pigment
flakes. The symbols are formed on at least one of the
layers of the multi-layer color-shifting pigment flakes by a
local change of an optical property(s), such as reflectivity.
The multi-layer color-shifting pigment flakes generally
include a Fabry Perot-type structure having an absorbing
layer separated from a reflective layer by a spacer layer.
The reflective layer is typically a layer of metal, which
renders the pigment flake essentially opaque. If a large
portion of these types of pigment flakes are mixed with
other pigment, the resultant color might be significantly
different from the pigment, and if too few of these flakes
are mixed with other pigment, they might be difficult to
find.

[0005] Another technique uses epoxy-encapsulated
shaped flakes of polyethylene terephthalate ("PET"). A
reflective layer is deposited on a roll of PET, and then the
PET is cut into pieces. The flakes are coated or encap-
sulated with epoxy to improve the durability of the reflec-
tive layer. These flakes are available in a variety of
shapes, such as square, rectangle, hexagon, and "apos-
trophe," and a selection of reflective metallictints, such as
silver, pewter, gold, and copper. However, the epoxy
layer and the relatively thick PET substrate (which typi-
cally has a minimum thickness of about 13 microns (0.5
mils) for use in vacuum deposition processes) resultin a
relatively thick flake, typically greater than 14 microns.
Unfortunately, such a thick flake is not desirable for use in
covert applications where the thickness is substantially
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greater than the base pigment. Similarly, such thick flakes
do not flow well in inks, and create lumps in paint. When
paintincludes a thick flake that creates a rough surface, a
relatively thick clear topcoat is typically applied over the
rough surface.

[0006] It is desirable to mark objects with covert anti-
counterfeiting devices that overcome the limitations of
the techniques discussed above. US2002/0182383A1
and EP1239307A are useful in understanding such tech-
niques.

[0007] This invention relates to providing flakes which
have taggents or covert symbols stamped or embossed
or etched therein by mechanical means or formed by
laser means, wherein the covert symbols can be seen
with a microscope. In order to preserve the integrity of the
symbols, aframe is provided around all of or part of covert
symbols so that when the individual flakes are removed
from the support structure they are deposited on, the
majority of flakes break along the frame lines provided
instead of breaking in a less controlled un-predictable
manner wherein break lines would otherwise occur with
greater frequency through and about the symbols. In
some instances, parallel frame lines may be provided
so that the flakes break into a ribbon; in a preferred
embodiment of this invention, flakes and more particu-
larly one or more symbols within a flake will have a framed
grooved border on four or fewer sides about the one or
more symbols, so that the flakes break in uniform rec-
tangles along the fame lines. A conventional release
layer is provided so that the flakes can easily be removed
from their backing or support layer and so that upon
removal, the flakes break up along the faming lines.
Frames can be made in a similar manner in which the
symbols are made; using a laser, etching or stamping of
the film that is upon the substrate; in a preferred embodi-
ment, the frames are provided in the same process along
with the formation of the symbols.

[0008] It is therefore an object of this invention, to
provide flakes having symbols thereon, and wherein
the symbols have or had, frames or borders embossed,
etched orlasered into the flake for protecting the symbols
during the process of separating flakes from their tem-
porary support backing.

SUMMARY OF THE INVENTION

[0009] In accordance with the invention there is pro-
vided a plurality of covert flakes as defined in Claim 1.

[0010] A coating composition may include the covert
opaque flakes of the present invention, being less than
about 10 microns thick with identifying indicia. Examples
of identifying indicia include selected flake shape(s) an-
d/or compositions. The covert flakes are typically dis-
persed in a carrier, such as a varnish base, paint vehicle
or ink vehicle, to form a coating composition. The covert
flakes are dispersed in sufficiently dilute concentration so
that the covert flakes are not easily detectable in the
coating composition by casual observation and are co-
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lored to match the color of a base pigment or have a
different optical characteristic, such as being highly re-
flective ("bright" or "silver"). The shapes of selectively
shaped covert flakes are not discerned by unaided hu-
man vision, but can be seen under about 50 X to 300 X
magnification. In one embodiment, the covert flakes ap-
pear to be essentially identical to base pigment flakes in
the composition, but are made of different thin-film layers
that are detectable using standard analytical methods.
[0011] Ina particular embodiment the covert flakes are
a single layer of a shaped inorganic dielectric material,
such as ZnS. The thickness of the single layer of inor-
ganic dielectric material is selected to provide a covert
flake that has color to match mica-based nacreous base
pigment.

[0012] A composition using flakes of the present in-
vention could be applied to an object to provide a covert
security feature. A pigmented composition may be used
to print a field (e.g. animage) on the object, and a varnish
composition with a low concentration of opaque security
flakes may be used to overprint an existing image on the
object. In an embodiment of the invention, covert flake is
mixed with base pigment to provide a covert security
feature to images printed with the composition that look
substantially similar to images printed with only the base
pigment.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1is a plan view of a portion of a document with a
security feature using an embodiment of the present
invention.

Fig. 2Ais a simplified view of a portion of a deposition
substrate having an embossed portion and a non-
embossed portion.

Fig. 2B is a simplified view of a portion of an- other
deposition substrate 11’ having an embossed portion
13’ and a non-embossed portion 15’

Fig. 3Ais a simplified plan view of a portion 14A of the
security feature 14 shown in Fig. 1.

Fig. 3B is a simplified cross section of a bright pig-
ment flake 20 according to an embodiment of the
present invention.

Fig. 3C is a simplified cross section of a bright flake
20’ providing an elemental fingerprint.

Fig. 3D is a simplified cross section of a color-shifting
pigment flake 30 according to another embodiment
of the present invention.

Fig. 4 is a cross section of a varnish with opaque
covert flakes according to an embodiment of the
present invention dispersed in a carrier.

Fig. 5 is a cross section of base flakes and opaque
covert flakes according to another embodiment of
the present invention dispersed in a binder.

Fig. 6 is a flow chart of a method of making pigment
flake according to an embodiment of the present
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invention.

Fig. 12 is an embodiment in accordance with this
invention wherein a flake has color shifting proper-
ties, magnetic properties, and bears a covert feature
within the flake.

Fig. 13 is a photograph of security features wherein
covert flakes are aligned to provide an overt security
feature bearing the covert feature within flakes.

DETAILED DESCRIPTION OF THE INVENTION
I. Introduction

[0014] Flakes for covert security applications are not
typically seen by casual observation. Some sort of in-
spection technique, such as inspection under a micro-
scope or analytical technique, such as elemental analy-
sis, is used. In one embodiment, opaque flakes contain-
ing indicia, such as a particular shape, substantially
match the visual characteristics of a bulk pigment or other
substance they are mixed with. In a particular embodi-
ment, a single-layer inorganic opaque flake having a
selected shape is mixed with an iridescent mica-based
flake or other base pigment. For the purpose of this
discussion, a "single layer" of inorganic material includes
multiple layers of the same inorganic material built up
upon each other.

[0015] Inorganic covert flakes are particularly desir-
able in applications where heat, solvents, sunlight, or
other factors may degrade organic flakes. For example,
an inorganic covert flake used in an explosive is detect-
able even after exposure to high temperatures and/or
pressures, and is persistent in the environment. Flakes
according to embodiments of the present invention also
are substantially thinner, typically less than about 10
microns, than conventional shaped flakes, enabling their
use in ink and produce a smooth surface finish in paints
without having to use a clear topcoat. Thin, inorganic
flakes according to embodiments of the presentinvention
also have a density closer to the density of base pigment
flakes made using similar techniques. Thick flakes in-
corporating organic substrates often have a different
density than thin-film base pigment flake, and may seg-
regate, either before or during application while the car-
rier is fluid. Flake segregation is undesirable because it
can result in an inconsistent ratio of covert and base
flakes in a com- position, and may degrade the covert
nature of the covert flakes if segregation results in an
unduly high concentration of covert flakes

Il. Exemplary Opaque Flake

[0016] Fig.1isaplanview ofa portionofadocument10
with a security feature 12 according to an embodiment of
the presentinvention. At least a portion 14 of the security
feature 12 is printed with ink or paint including opaque
flakes having indicia (hereinafter "covert flakes") mixed
with bulk pigment, such as bulk pigment flakes. In one
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embodiment, the covert flakes have a particular shape,
being rectangular Preferably, the selected shape is pro-
vided by embossing, etching or using a laser to create
frames or borders along which the flakes will facture upon
removal from their temporary supporting substrate. In a
particular embodiment, the grating pattern has a grating
spacing that is not optically active in the visible range of
the spectrum. Thatis, these grating patterns donotforma
visible diffraction grating. Covert flakes are also some-
times referred to as taggent flakes, although not all
taggent flakes are necessarily covert flakes.

[0017] Generally, bulk pigment particles, including bulk
pigment flakes, have an irregular shape. In one embodi-
ment, the covert flakes are distinguishable from bulk
pigment flakes by their shape. Alternatively, bulk pigment
flakes have a first selected shape, and the covert flakes
have a rectangular shape. Production of shaped pigment
flakes is accomplished by a variety of techniques, such as
using a patterned substrate to deposit the flake material
on the substrate and then separating the flake from the
substrate to obtain the pattern such as a frame or border,
orusing a laser or other means to cut the patterned flakes
from a sheet of flake material. The shape of the covert
flakes may be associated with a manufacturing facility,
date of manufacture, or other aspect of the document 10,
or ink used in producing the document, for example.
[0018] Arollcoateris one type of apparatus that can be
used to produce shaped covert flakes according to em-
bodiments of the invention. A roll of a sheet of polymer
substrate material (also known as a "web") is passed
through a deposition zone(s) and coated with one or more
thin film layers. Multiple passes of the roll of polymer
substrate back and forth through the deposition zone(s)
may be made. The thin film layer(s) is then separated
from the polymer substrate and processed into flake.
Other apparatus and techniques may be used.

[0019] It is generally desirable to limit the total thick-
ness of thin film layers deposited (and hence removed)
from a roll of polymer film substrate to less than about 10
microns. PET s one type of polymer film substrate used in
roll coaters, and the PET film substrate is usually at least
about 13 microns thick. Thinner PET film tends to ther-
mally deform during vacuum deposition processes. Both
the heat in the deposition zone and the heat of conden-
sation of the deposited thin-film layer(s) increase the
temperature of the polymer substrate as it passes
through a deposition zone. Thus, the minimum thickness
of flake cut from and incorporating PET film is about 13
microns.

[0020] In addition to flakes having a rectangular shape
preferably realized by embossing frames into the sub-
strate, along which the flakes will separate and break
apart, the covert flakes preferably include a one or more
symbols, other forms of indicia within and bordered by the
frames, and/or a grating pattern. The grating pattern is
embossed on a substrate used in a roll coater prior to
depositing thin film layers that are processed into flakes,
or otherwise formed. In a further embodiment, a selected
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amount (percentage) of the deposition substrate surface
area is embossed with a grating pattern or shape pattern
to obtain a selected amount of covert flakes when the thin
film layers are stripped from the deposition substrate and
processed into flakes. This technique provides covert
flakes with the same optical design (thin film layer com-
position and thickness) as the base flake. For example,
embossing 10% of the deposition substrate surface area
with a grating pattern and/or shape pattern would resultin
a pigment mixture having about 10% covert flakes as is
shown in Fig. 10. Different rolls of deposition substrate
are produced with different percentages of embossed
surface area to obtain pigment mixtures having different
amounts covert flake, or are embossed with different
patterns to obtain different shapes and/or grating pat-
terns.

[0021] Fig. 2A is a simplified view of a portion of a
deposition substrate 11 having an embossed portion
13 and a non-embossed portion 15. The embossed por-
tion has a frame, which is exaggerated for purposes of
illustration, and alternatively or optionally has a grating or
symbol, for example, and the non-embossed portion is
essentially smooth. Alternatively, the non-embossed por-
tion is embossed with a different frame, grating, or sym-
bol. The ratio of the surface area of the embossed portion
13 to the non-embossed portion 15 produces a selected
amount of taggent flake (produced from the embossed
portion) having the same thin-film structure as the base
flake (produced from the non-embossed portion). The
deposition substrate 11 travels from one roll 17 to another
19 through a deposition zone (not shown) in a roll coater,
but alternative embodiments use different types of sub-
strates and deposition systems. Fig. 2B is a simplified
view of a portion of another deposition substrate 11’
having an embossed portion 13’ and a non-embossed
portion 15’.

[0022] A pigment flake with identifying indicia provides
a security feature even if itis easily observable; however,
if a pigment flake with identifying indicia is not easily
observable, a counterfeiter might not even be aware that
a covert flake is present. One embodiment of the present
invention uses covert pigment flake that has the same
optical characteristics as the base pigment. The covert
pigmentflakes are not seen by unaided human vision, but
are visible under magnification of about 50 X to 300 X.
Covert pigment flakes having essentially the same visual
characteristics can be mixed with base pigment in a wide
range of proportions without significantly affecting the
color of the composition. In some embodiments, covert
pigment flakes are readily identifiable in compositions
having 5-10 weight % covert pigment flakes and 95-90
weight % base pigment flakes having similar appearance
(e.g. color and/or color travel). Often, shaped opaque
covert flakes are easily identifiable in the field using hand-
held microscopes (e.g. "shirt-pocket" microscopes), and
require less magnification to identify than similar sized
flakes having symbols.

[0023] Another approach is to use an opaque covert
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flake with a rectangular shape that s a different color than
the base flake. In one embodiment, the opaque covert
flake is a bright metallic ("silver") flake having a thin-film
layer of aluminium or other reflector between layers of a
dielectricmaterial, such as MgF2. Bright flake is generally
highly reflective over a wide range of visible wavelengths,
and often does not have a characteristic color. Bright
flake made with gold and copper may appear yellowish
and reddish, for example. It has been found that between
about 0.25 weight % to about 5 weight % of shaped (e.g.
"diamond" shaped) bright flake in colored base pigments
can be added without causing a noticeable change in
color, but are still easily identifiable under illuminated
magnification of about 50 X (i.e. 50 times magnification).
Under illuminated magnification, both the shape and high
brightness of the flake distinguish it from the base flake.
When less than about 0.25% of shaped bright flake is
used the covert flakes become difficult to detect because
dilution with the base flake results in fewer shaped bright
flakes in the field of view.

[0024] When the amount of bright flake exceeds about
5 weight %, the color (e.g. hue) of certain types of flakes,
particularly dark colored flakes, changes. In these in-
stances, too much bright flake essentially "dilutes" the
color of the base pigment. However, using shaped bright
flake in compositions having color-shifting pigment is
highly desirable because a single type of shaped bright
flake is added in small quantities to many different types
(color and/or color travel) of pigment flake, and a rela-
tively small amount of shaped bright flake provides a
covert security feature. Similarly, dilution of color is not
critical in applications where compositions containing
pigment and bright flake are not intended to replace or
otherwise be indistinguishable from compositions con-
taining 100% pigment flake.

[0025] Pigments are often mixed in carriers to form
paint or ink. Examples of carriers include polyvinyl alco-
hol, polyvinyl acetate polyvinylpyrrolidone, poly(ethox-
yethylene), poly(methoxyethylene), poly(acrylic) acid,
poly(acrylamide), poly(oxyethylene), poly(maleic anhy-
dride), hydroxyethyl cellulose, cellulose acetate, poly
(sacchrides) such as gum arabic and pectin, poly (acet-
als) such as polyvinylbutyral, poly(vinyl halides) such as
polyvinyl chloride and polyvinylene chloride, poly
(dienes) such as polybutadiene, poly(alkenes) such as
polyethylene, poly(acrylates) such as polymethyl acry-
late, poly(methacrylates) such as poly methylmethacry-
late, poly(carbonates) such as poly(oxycarbonyl oxyhex-
amethylene, poly(esters) such as polyethylene ter-
ephthalate, poly(urethanes), poly(siloxanes), poly(sul-
phides), poly(sulphones), poly(vinylnitriles), poly(acrylo-
nitriles), poly(styrene), poly(phenylenes) such as poly
(2,5 dihydroxy-1,4-phenyleneethylene), poly(amides),
natural rubbers, formaldahyde resins, other polymers
and mixtures of polymers and polymers with solvents.
[0026] Fig. 3Ais a simplified plan view of a portion 14A
of the security feature 14 shownin Fig. 1. The portion 14A
of the security feature is viewed under magnification,
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typically about 20 X-300 X, in order to see the shape of
the flakes, which are typically about 5-100 microns
across, more typically about 20-40 microns across.
The security feature was printed using ink including base
pigmentparticles 16 and a covert pigment flake 18 having
a selected shape, in this case a "diamond" shape. The
optical characteristics and concentration of the covert
pigment flake is chosen so as to not disturb the visual
appearance of a composition made with the base pig-
ment particles.

[0027] The base pigment particles 16 are illustrated as
being irregularly shaped flakes. Alternatively, base pig-
ment flakes have a selected (i.e. regular) shape. Simi-
larly, the covert pigment flake 18 could have a grating.
The addition of a grating further increases the difficulty of
counterfeiting. In some embodiments, the covert pigment
flake 18 has generally the same optical characteristics as
the base pigment particles. Alternatively, the covert pig-
ment flake 18 has different optical characteristics as the
base pigment particles but is present in sufficiently small
quantities so as not to disturb the visual appearance of a
composition made with the base pigment particles.
[0028] To assist understanding of the present inven-
tion, "diamond- shaped" covert flakes were provided as
bright flakes about 25 microns by 35 microns across. The
shaped flakes were made by embossing a diamond
pattern into a roll of PET deposition substrate material,
and then depositing a standard thin-film design for bright
flake (e.g. about 100-60 nm of Al between layers of MgF2
that are each about 400 nm thick). The total thickness for
this bright flake is about 900 nm, which is about one
micron. The embossed patternis also known as a "frame"
(as opposed to a grating which is intended to produce a
pattern in or on the flake), and is positive in some embo-
diments and negative in other embodiments. Aside from
the diamond flakes themselves offering some measure of
a covert feature when distributed in some predetermined
ratio with other irregular shaped flakes, the diamond-
shaped flakes may be embossed with additional covert
symbols, thereby providing two levels of covert features
available to protect a device.

[0029] To assist understanding of the present inven-
tion, the combination of a metal layer with one or more
dielectric layers facilitates removal of the flake from the
deposition substrate. A thin film stack having only di-
electric layers is brittle and often has residual stresses
from the deposition process. Such thin film stacks tend to
break more randomly, resulting in fewer shaped flakes.
An all-metal stack or single layer is difficult to process into
patterned flakes according to the frame of the deposition
substrate because the metal is relatively ductile. A di-
electric-metal-dielectric flake having a total thickness of
between about 0.5 microns and about 3 microns provides
a good combination of ductile and brittle characteristics
that result in good patterning of the flake when it is
removed from the substrate and processed. In a parti-
cular embodiment, shaped bright flake having a total
thickness of about one micron of a ductile metal layer
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between brittle dielectric layers yielded about 90% dia-
mond-shaped flakes from an embossed deposition sub-
strate.

[0030] The thin-film layers were stripped from the de-
position substrate and processed into flake using con-
ventional techniques. The embossed diamond pattern
provided lines along which the thin-film layers broke into
flakes having the selected diamond shape. In another
embodiment, the diamond-shaped flakes were about 12
microns by 16 microns and included a grating on the
major surface of the flakes. The grating was nominally
2000 lines/mm and did not produce a noticeable diffrac-
tive effect in a composition when used as a taggent. The
shape of the 12-by-16-micron flake was easily seen at
100 X magnification; however, the grating was not easily
seen at this magnification. The grating was readily ap-
parent at 400 X magnification. In other embodiments, a
grating is coarser, and is easily seen at the same magni-
fication (e.g. 50 X to 100 X) that is used to discern the
shape of the taggent flakes. Thus, gratings used to
provide a security feature to taggent flakes do not have
to be optically active in the visible portion of the spectrum.
[0031] In a particular embodiment, the base pigment
particles are flakes of mica coated with a layer of TiOz or
other dielectric material. The coating material typically
has arelatively high index of refraction. Mica is a naturally
occurring mineral that is relatively inexpensive and easily
processed into flake substrate. When mica flake sub-
strate is coated with a layer of high-index material of a
selected thickness, a nacreous pigment flake is obtained.
Mica flake substrate can be coated with several alter-
native materials using a variety of processes. Such pig-
ments are commonly known as "mica-based" pigments.
A photocopy of an image printed with such nacreous
pigment does not look like the original, thus mica-based
pigment flakes are desirable for use to provide overt
security features. However, shaping mica flake substrate
or providing a symbol on mica flake substrate is imprac-
tical. Covert flake according to an embodiment of the
present invention is mixed with the mica-based pigment
to enable a covert security feature to be included in
images printed with mica-based pigment flakes. Shaped
pigment flakes made of a single layer of inorganic di-
electric material, such as TiOz or ZnS, have an appear-
ance similar to a mica-based pigment if the covert pig-
ment flake has a thickness about five times the quarter-
wave optical thickness ("QWOT") at a wavelength in the
visible spectrum. Typically, a single-layer covert flake of
ZnS intended to match the appearance of a mica-based
pigment has a thickness of about 60 nm to about 600 nm.
Processing all-dielectric flake from a deposition substrate
having an embossed diamond-shaped pattern tends to
have a lower yield than a counterpart metal-dielectric
flake.

[0032] Fig. 3B is a simplified cross section of a bright
pigment flake 20 that assists understanding Oof the pre-
sent invention. A reflective layer 22 is between two di-
electric thin-film layers 24, 26. The dielectric thin-film
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layers 24, 26, provide stiffness to the bright pigment flake
and facilitate removal of the pigment flake from the roll
coater substrate. Itis desirable to keep the bright pigment
flake less than 10 microns thick to provide a composition
that dries or cures to a smooth surface. In particular
embodiments, the thickness of the flake is between about
1 micron and about 3 microns. Thinner flakes tend to be
more difficult to process and handle because they weigh
so little, and thicker flakes are stronger, and hence more
difficult to break along the frame pattern.

[0033] The reflective layer 22 is a thin-film layer of a
highly reflective metal being aluminium. The reflective
layer 22 is sufficiently thick to be opaque (reflective) in the
visible portion of the spectrum, but not so thick as to
interfere with separation of the thin-film layers from the
substrate and subsequent processing into flake. In other
words, a metal reflective layer that was too thick would
provide a ductile layer between the relatively brittle di-
electriclayers 24, 26 and tend to interfere with processing
the deposited layers into flakes. Suitable materials for the
dielectric layers include ZnS, MgF,, SiO,, Al,O3, TiO,,
NbzOs, and TazOs, among others. In some embodi-
ments, the dielectric thin film layers 24, 26 also provide
environmental protection for the reflective layer 22.
[0034] The bright flake 20 has a selected shape, and
optionally or alternatively has other indicia, such as a
surface (grating) pattern or an elemental fingerprint. In
sufficiently low concentrations, the bright flake 20 is
added to colored pigment and colored compositions
(e.g. inks and paints). Shaped bright flake can be added
to base (i.e. randomly shaped or alternatively shaped)
bright flake as a covert security feature.

[0035] Fig. 3C is a simplified cross section of a bright
flake 20’ with an elemental indicator layer 28. The bright
flake 20’ has reflective layers 22’, 22" between dielectric
layers 24’, 26’, and a layer 28 providing an elemental
indicator. The elemental indicator layer 28 is a layer of
material that is not found in a base pigment that the bright
flake will be used with, and thatis readily detectable using
elemental analysis techniques, such as secondary ion
mass spectrometry ("SIMS"), energy dispersive X-ray
("EDX") and Auger analysis. Furthermore, the elemental
indicator is present in the covert flake but not in the base
flake, and micro-SIMS, micro-EDX or micro-Auger ana-
lysis easily detects this difference. Merely adding the
indicating element to the pigment mixture (e.g. adding
a small amount of a compound containing the indicating
element to the carrier) would not overcome this security
feature.

[0036] The elemental indicator layer 28 is not optically
active because it is between the two opaque reflective
layers 22, 22". The reflective layers 22°, 22" are selected
to be of the same material used in the base flake, i.e.
aluminium. Suitable materials for an elemental indicator
include platinum, iridium, osmium, vanadium, cobalt, and
tungsten, among others. Those of skill in the art appreci-
ate that the elemental indicator material chosen depends
on the base pigment it will be used with. In an alternative
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embodiment, the reflective layer of bright pigmentis of an
elemental indicator material (see Fig. 3B, ref. num. 22).
For example, covert bright or colored pigment flake using
platinum as the reflective layer is mixed with base bright
flake or colored pigment flake using aluminium as the
reflective layer. In a further embodiment, the amount of
flake having the elemental indicator incorporated into a
pigment mixture or composition is chosen to provide a
selected elemental ratio (e.g. aluminium to platinum) in
the pigment mixture. In an alternative or further embodi-
ment, the material of the dielectric thin-film layers 24’, 26’
(Fig. 3B, ref. numerals. 24, 26) is chosen to provide an
elemental indicator.

[0037] Fig. 3D is a simplified cross section of a color-
shifting pigment flake 30 according to an embodiment of
the presentinvention. The color-shifting pigment flake 30
is generally known as a symmetrical 5-layer Fabry-Perot
interference flake. A thin film stack 32 includes a reflec-
tive metal layer 34, two spacer layers 36A, 36B, and two
absorber layers 38A, 38B. The absorber layers are typi-
cally very thin, semi-opaque layers of chromium, carbon,
or other material. The reflector, spacer, and absorber
layers are all optically active, that is, they contribute to
the optical performance of the color-shifting pigment
flake. Each side of the flake provides similar Fabry-Perot
interference structures to incident light, and hence the
flake is optically symmetrical.

[0038] The color and color travel of the color-shifting
pigment flake is determined by the optical design of the
flake, namely the material and thicknesses ofthe layersin
the thin film stack 32, as is well-known in the art of
optically variable pigments. The optical design of the
color-shifting pigment flake 30 is typically chosen to
match the optical properties of the base pigment flake
that it will be mixed with. The color-shifting pigment flake
is shaped (see Fig. 3A, ref. num. 18), and optionally or
alternatively includes other indicia, such as a surface
grating pattern and/or elemental indicator.

[0039] For example, the reflective layer includes an
elemental indicator, either a reflective metal that is dif-
ferent than the base pigment flakes, or includes an addi-
tional elemental indicator layer(s), which may or may not
be optically active (see Fig. 3C, ref. num. 28). Alterna-
tively or additionally, the spacer layers 36A, 36B and/or
the absorber layers 38A, 38B include an elemental in-
dicator. For example, if the base pigment flake uses
MgF,, SiO,, or Al,O5 as a spacer layer material, the
covert pigment flake 30 uses different spacer layer ma-
terial, such as TiOz or ZnS. Spacer and/or absorber
indicator materials include elements that are easily de-
tected using elemental analysis.

[0040] In some embodiments, using a different spacer
material and/or reflector material results in a covert pig-
ment flake 30 that has different optical properties than the
base flake. For example, even if the covert and base
flakes have similar color at normal incidence, the color
travel might be different. Generally, low-index spacer
materials (such as MgF, and SiO,) provide more color
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travel ("fast shifting" pigments) than high-index spacer
materials (such as ZnS and TiO,). However, such covert
flakes can be added in relatively high concentrations to
the base pigment flake, even if the color travel does not
precisely match that of the base flake, because most
casual observers cannot detect the difference between a
mixture according to an embodiment of the invention and
100% base flake.

[0041] Fig. 4 is a cross section of a varnish 40 with
covert flakes 42 dispersed in a carrier 44 according to an
embodiment of the presentinvention. The carrier is clear
or tinted, and the covert flakes 42 are at a concentration
selected to avoid casual visual detection. An optional
color coat or bright (e.g. "chromed") coating 46 has been
applied to an object 48 underneath the varnish 40. The
varnish 40 provides a covert security feature to the object
without disturbing its appearance. In a particular embodi-
ment, the optional color coat 46 is an image printed with
nacreous or color-shifting pigment to provide an overt
security feature to the object. The object is a document,
product, packaging, or seal, for example. The varnish 40
enables providing a covert security feature to an object
that already has a covert security feature without signifi-
cantly altering the appearance of the object. For exam-
ple, if stock certificates have been printed with overt
security features and it subsequently becomes desirable
to provide a covert security feature to the stock certifi-
cates, the overt security feature is over-printed with the
varnish 40 or a similar ink composition (i.e. an essentially
clear ink composition containing covert flakes). In an-
other embodiment, an additional covert security feature
is provided to an object already having one or more covert
security features. In a particular embodiment, the covert
flakes make up not more than 2% of the varnish.
[0042] Fig.5isacross section ofacomposition 50 (e.g.
ink or paint) including base pigment flakes 16 and shaped
covert flakes 18 dispersed in a binder or carrier 52 to
assist understanding of the present invention. The covert
flakes 18 have a rectangular shape . The composition 50
has been applied to an object 48, such as a label, product
packaging, bank note, or consumer item.

[0043] Adding covert flake to an existing ink or paint
composition provides a covert security feature to images
made of the ink or paint. For example, ink with color-
shifting pigment is used to provide a color-shifting image
as anovert security feature on a bank note or other object.
Covert flake according to an embodiment of the present
invention is added to the ink, and the resultant mixture is
used to print images that appear substantially similar as
those printed with the original ink. Thus, a casual obser-
ver of the bank note does not notice a change in the
appearance of the overt security feature (i.e. color-shift-
ing image) after the covert security feature is added. The
indicia of the covert flake indicates a date-of-manufac-
ture, a printing location, and/or the source (manufacturer)
of the ink, for example.
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Ill. Experimental Results

[0044] A test standard using 100% magenta-to-green
optically variable intaglio ("OVI") pigment flake was pro-
duced and measured. Both bright and optically variable
taggent samples had a grating pattern of 2000 lines/mm,
which made the taggent flakes easier to distinguish from
the base pigment flake (i.e. locate) and more difficult to
counterfeit. The grating pattern was clearly visible at
about 400 X, and did not induce visible diffractive proper-
ties to images printed with the test compositions. It is
believed that the low portion of the taggent flakes in
combination with not being well oriented to the viewer
avoided a diffractive effect from occurring. In an alter-
native embodiment, a finer grating pattern is included on
shaped taggent flakes. The shapes are identifiable under
a microscope at a first magnification, but the grating
pattern is not easily seen at this first magnification. The
grating pattern is seen at a higher magnification. It is
believed that including such a grating pattern to taggent
flake having a selected shape or symbol further en-
hances the covert nature of the taggent flake because
a counterfeiter might see the shape or a symbol under
microscopic examination, but not see the grating pattern,
and hence not include it in a counterfeit article.

[0045] The first test sample ("sample 1") contained
90% (by weight) of the conventional (base) magenta-
to- green pigment flake mixed with 10% magenta-to-
green OVI pigment flake with a grating ("taggent flake").
The taggent flakes were easy to detect by routine micro-
scopic inspection, and the color performance of the mix-
ture was the same as the test standard because the color
of the taggent flake was well matched to the color of the
base flake. Close color matching involves careful mon-
itoring of the production of the taggent flake and a new
optical design for each color of taggent flake would gen-
erally be used to match each color of base flake.
[0046] Another approach is to use a standard taggent
flake design that can be used with many different colors of
base flake. Bright taggent flake using an aluminium re-
flector layer (giving the flake a "silver" appearance) was
also evaluated. Fabrication of bright flake is relatively
simple and these flakes were very easy to detect at a
concentration of 5% when mixed with colored base pig-
ment flakes. Bright taggent flakes are used with many
colors of base pigment to provide covet security features.
The amount of bright taggent flakes in the composition
depends on the desired result. For example, the color
performance of an intaglio blend containing 5% bright
taggent flake mixed with the magenta-to-green OVI base
is distinguishable in a side-by-side comparison from a
composition of 100% magenta-to-green OVI flake. A
composition essentially indistinguishable from 100% ma-
genta-to-green OVI flake uses less than 5% bright flake,
such as compositions with concentrations between
about 0.25 weight % and 3 weight % of bright taggent
flake in magenta-to-green OVI flake. It is believed that
bright flake in concentrations greater than 5% may be
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added to pigment flake providing lighter or less saturated
color without noticeably changing the appearance of the
composition. Bright taggent flakes are easy to detect
under modest magnification, even at concentrations be-
low 1%, because of the combination of having a selected
shape and of being a different color (e.g. "silver" instead
of magenta).

IV. Exemplary Methods

[0047] Fig. 6 is a flow chart of a method 600 of making
pigment flake according to an embodiment of the present
invention. A roll substrate having a non-embossed
("smooth") portion and an embossed portion in a selected
ratio of the deposition surface area of the roll substrate is
provided (step 602). In one embodiment, the embossed
portion is embossed with a frame for producing flakes
having a selected shape. In an alternative embodiment,
the embossed portion is embossed with a grating pattern
or symbol. In an alternative embodiment, the substrate is
patterned using a process other than embossing, such as
laser ablation. At least one thin film layer is deposited on
the roll substrate (step 604), and the deposited thin film
layer(s) is processed into flake (step 606) to result in a
flake mixture having a selected amount of taggent flakes.
The yield of taggent flake depends on factors such as the
type of thin-film layers being processed, the nature of the
frame, grating pattern, or symbol, and processing para-
meters.

[0048] For example, referring to Figs. 2A and 2B, if
10% of the surface of the roll substrate is embossed with a
grating or symbol, then a yield of approximately 10%
taggent flake having the grating pattern or symbol is
expected. If 10% of the surface of the roll substrate is
embossed with a diamond-shaped frame, then a yield of
about 9% is expected for dielectric-metal-dielectric flake
because of the 10% yield loss processing the patterned
portion of the thin film stack into shaped flakes. Similarly,
a yield of about 5% is expected for shaped all-dielectric
flake because of the 50% yield loss processing the pat-
terned portion of the thin film stack into shaped flakes.
[0049] Fig. 12illustrates anembodimentinaccordance
with this invention wherein a flake has color shifting
properties, magnetic properties, and bears a covert fea-
ture within the flake. Preferably the flake is also bordered
by a frame to preserve its shape.

[0050] Turning now to Fig. 12, a pigment flake is shown
having a magnetic layer sandwiched between two alu-
minium reflective layers. Each of the aluminium layers in
addition to an absorber and dielectric layer provide color
shifting layers on each side. Within the flake is stamped a
covert "euro" symbol thereon which can be seen with
suitable magnification. The embodiment shownin Fig. 13
utilizes a plurality of the flakes shown in Fig. 12 to provide
a security features that are both covert and overt.
[0051] The covert and overt features are illustrated in
the photograph which is a compilation of 3 photographs
depicted by figure 13 where a large Euro symbol and a



15 EP 3 517 580 B1 16

map of the continents are shown on the upper rightin the
photograph and wherein a globe is shown on the upper
left of the photograph printed by silk screen in the pre-
sence of magnetic fields to create different visual con-
trasts (rolling bar effect) in addition to the standard green
to magenta color shifting.

[0052] Inthis instance the covert framed square flakes
of about 30 microns in size bear a Euro symbol about 17
microns across.

[0053] Of course other optical designs, magnetic or
non-magnetic, shapes or symbols can be created as
desired. By using the layer structure of the flake in Fig.
12, optically variable, special magnetically alignable, and
covert feature can be provided within a same security
device.

[0054] By using frames in accordance with the teach-
ings of this invention, preferential side benefits may be
utilized. As the flakes are rectangular in shape, instead of
being square, preferentially orientation of the symbols
can be achieved, using magnetic shape anisotropy in-
herent of elongated flakes. Thus by providing a magnetic
layer, for example of Ni, and ensuring that the flakes
separate as elongate flakes due to the frames being
designed | this manner, the flakes can be aligned as a
function of their shape, and the symbols may have a
preferential orientation, or be more likely to orient by this
process.

[0055] Although preferred embodiments of the inven-
tion relate to pigment flakes, it is possible to use a non-
symmetrical flake having features on one side such as
optically variable features. In this instance, approxi-
mately half of the flakes when examined will show the
covert feature and other optical features, and the other
half will not appear the same due to a lack of symmetry
within a flake. Notwithstanding, this may still offer a
reasonable covert security feature which can be used
to authenticate.

9% is expected for dielectric-metal-dielectric flake be-
cause of the 10% vyield loss processing the patterned
portion of the thin film stack into shaped flakes. Similarly,
a yield of about 5% is expected for shaped all-dielectric
flake because of the 50% yield loss processing the pat-
terned portion of the thin film stack into shaped flakes.
[0056] While the invention has been described above
in terms of various specific embodiments, an aspect of
the invention which provides significant advantages will
now be described.

[0057] For example an embodiment of this invention
which offers significant advantages is the aspect of using
frames or borders framing symbols or indicia framed by
these borders on a substrate material used to form a
coating upon.

[0058] Turning now to Fig. 7, a photograph is shown of
sheet bearing a plurality of Euro symbols wherein each €
symbol on the sheet has an embossed border around it.
This is generally accomplished by embossing an organic
substrate, such as a PET substrate with the framed €
symbols, and subsequently coating the substrate with a
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removable coating. Fig. 8 is a photograph of the flakes
after separation from their backing or substrate. This
photograph clearly shows most of the symbols to be
intact with few cracks appearing into or through the
symbols. By using this invention, a very small portion
of the flakes in the figure are broken in such a manner as
to obscure the € symbol. However, what is shown is that
the frames are not present along all sides of all flakes after
the flakes break apart from the substrate they were
deposited on. Some flakes have no borders and others
may have one and up to four borders. However, this is
understandable. Since a frame border separates the
flake from its nearest neighbour, when the flakes sepa-
rate the border generally remains attached to one flake
and not its adjacent flake on the other side of that frame
border. However, the existence of the frame or border
results in most of the flakes breaking upon frame lines, on
one side of the frame or the other providing relatively
uniform flakes with relatively straight edges. More often
than not, each flake bearing a symbol will have at least
one border or frame segment attached to it after separ-
ating from the web or substrate it was deposited on.
[0059] Fig. 9 is a photograph of a plurality of Mg-Gn
flakes bearing . symbols wherein the flakes have broken
randomly preserving some symbols and destroying
others, due to stress cracks and resulting apparently
random fracture lines as a result of the absence of
frames. Fig. 9 illustrates stress cracks throughout the
flakes causing the flakes to separate as a function of
these cracks. Furthermore, cracks continue to appear
within flakes thereby obscuring symbols. The provision of
frames in accordance with this invention does not entirely
prevent stress cracks, however provides a means in
which these cracks can be controlled to a greater extent,
so as to occur or be preferentially routed along the frame
lines. In contrast to Fig. 9, the embodiment of this inven-
tion shown in conjunction with Figs. 7 and 8 offers a
manner in which the flakes can be separated along
predetermined borders thereby preserving the shape
and integrity of the symbols on the flakes to a much
higher degree and generally does obscure the covert
symbol within the flake.

[0060] The cracks that do appear in the non-framed
symbols appear and propagate in the more fragile, glass-
like, dielectric material but are stopped and rerouted to
continue their propagation along the frame lines provided
in the sheet of framed symbols shown in Fig. 7. The pro-
vision of frames produces the preferential rupture of the
25 flakes along frame lines. Most of the cracks observed
in the flakes of Figure 8 do not go all the way through the
total thickness of the flakes, but are stopped at the level of
the more elastic metallic core (AI/Ni/Al) of the flakes
producing a shadowing effect detrimental to the read-
ability of the originally embossed symbols.

[0061] The flakes in both Figs 8 and 9 are about 1300
nm or 1.3 microns in thickness and have a layer structure
of 10nm Cr/ 480 nm MgF2/ 80 nm Al/ 50 nm Ni/ 80 nm Al
480 nm MgF2 / 10 nm Cr. Ni is present to provide the
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magnetic layer for overt features.

[0062] Turning now to Fig. 10 is a photograph of a
plurality of framed symbols within a greater number of
flakes absent any covert symbols or frames where a ratio
of framed symbols to other flakes is 1:10. There are two
interesting aspects of this embodiment. On a first level of
detection, one, equipped with a 100 x hand held micro-
scope can detect the presence of covert flakes with a
Euro symbol thereon, and furthermore, one can also
quickly approximate that the ratio of covert to non-covert
symbols is about 1:10. Yet still further, one can compare
the ratio of square symbols to randomly shaped flakes to
provide some measure of authentication. Therefore,
shape, distribution, and identification of the symbols
with-in framed shapes can be used to determine if the
coating is authentic within some range of assurance.
[0063] Fig. 11 is a close-up detailed photograph of a
plurality of p. symbols some of which are cracked through
the symbols and some of which have plural symbols on a
single flake; the great distribution in particle size is evi-
denced here in this photograph due to the absence of
providing frames or borders about the symbols.

[0064] Fig. 12illustrates anembodimentinaccordance
with this invention wherein a flake has color shifting
properties, magnetic properties, and bears a covert fea-
ture within the flake. Preferably the flake is also bordered
by a frame to preserve its shape.

[0065] Turning now to Fig. 12, a pigment flake is shown
having a magnetic layer sandwiched between two alu-
minium reflective layers. Each of the aluminium layers in
addition to an absorber and dielectric layer provide color
shifting layers on each side. Within the flake is stamped a
covert "euro" symbol thereon which can be seen with
suitable magnification. The embodiment shown in Fig. 13
utilizes a plurality of the flakes shown in Fig. 12 to provide
a security features that are both covert and overt.
[0066] The covert and overt features are illustrated in
the photograph which is a compilation of 3 photographs
depicted by figure 13 where a large Euro symbol and a
map of the continents are shown on the upper rightin the
photograph and wherein a globe is shown on the upper
left of the photograph printed by silk screen in the pre-
sence of magnetic fields to create different visual con-
trasts (rolling bar effect) in addition to the standard green
to magenta color shifting.

[0067] Inthisinstance the covert framed square flakes
of about 30 microns in size bear a Euro symbol about 17
microns across.

[0068] Of course other optical designs, magnetic or
non-magnetic, shapes or symbols can be created as de-
sired. By using the layer structure of the flake in Fig. 12,
optically variable, special magnetically alignable, and
covert feature can be provided within a same security
device.

[0069] By using frames in accordance with the teach-
ings of this invention, particular shapes having preferen-
tial side benefits may be utilized. For example, if the
flakes are rectangular in shape, instead of being square,
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preferentially orientation of the symbols can be achieved,
using magnetic shape anisotropy inherent of elongated
flakes. Thus by providing a magnetic layer, for example of
Ni, and ensuring that the flakes separate as elongate
flakes due to the frames being designed | this manner, the
flakes can be aligned as a function of their shape, and the
symbols may have a preferential orientation, or be more
likely to orient by this process.

[0070] Thus, the embodiments described above illus-
trate the invention.

[0071] Although preferred embodiments of the inven-
tion relate to pigment flakes, it is possible to use a non-
symmetrical flake having features on one side such as
optically variable features. In this instance, approxi-
mately half of the flakes when examined will show the
covert feature and other optical features, and the other
half will not appear the same due to a lack of symmetry
within a flake. Notwithstanding, this may still offer a
reasonable covert security feature which can be used
to authenticate.

Claims

1. A plurality of pigment flakes having color shifting
properties, magnetic properties, and bearing a cov-
ert feature within the flakes; comprising:

a magnetic layer sandwiched between two alu-
minum reflective layers, in addition to an absor-
ber layer and dielectric layer to provide color
shifting layers on each side;

wherein the shape of a flake of the plurality of
pigment flakes is rectangular.

2. A plurality of pigment flakes as claimed in claim 1,
wherein the magnetic layer comprises Ni.

3. A plurality of pigment flakes as claimed in claim 1,
wherein the plurality of pigments flakes are used to
create an overt feature.

4. A plurality of pigment flakes as claimed in claim 1,
wherein the covert symbol is selected from one of a
Euro symbol or a globe.

5. A plurality of pigment flakes as claimed in claim 1,
wherein the overt feature created with the plurality of
pigment flakes comprises an optically variable effect.

6. A plurality of pigment flakes as claimed in claim 5,
wherein the optically variable effect is a visual con-
trast.

7. A plurality of pigment flakes as claimed in claim 1,
wherein the rectangular shape of a flake achieves a
preferential orientation of the flake and a preferential
orientation of the covert symbol disposed on the
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flake.

Patentanspriiche

1.

Eine Vielzahl von Pigmentplattchen, die Farbver-
schiebungseigenschaften, magnetische Eigen-
schaften aufweisen und ein verdecktes Merkmal
innerhalb der Plattchen tragen; beinhaltend:

eine magnetische Schicht, die sandwichartig
zwischen zwei Aluminium-Reflexionsschichten
angeordnet ist, zusatzlich zu einer Absorber-
schicht und einer dielektrischen Schicht, um
Farbverschiebungsschichten aufjeder Seite be-
reitzustellen;

wobei die Form eines Plattchens der Vielzahl
von Pigmentplattchen rechteckig ist.

Vielzahl von Pigmentplatichen gemaR Anspruch 1,
wobei die magnetische Schicht Ni beinhaltet.

Vielzahl von Pigmentplattchen gemafl Anspruch 1,
wobei die Vielzahl von Pigmentplattchen verwendet
wird, um ein offensichtliches Merkmal zu erzeugen.

Vielzahl von Pigmentplattchen gemafl Anspruch 1,
wobei das verdeckte Symbol aus einem Euro-Sym-
bol oder einer Weltkugel ausgewahlt ist.

Vielzahl von Pigmentplattchen gemal Anspruch 1,
wobei das offensichtliche Merkmal, das mit der Viel-
zahl von Pigmentplattchen erzeugt wurde, einen
optisch variablen Effekt beinhaltet.

Vielzahl von Pigmentplattchen gemaR Anspruch 5,
wobei der optisch variable Effekt ein visueller Kon-
trast ist.

Vielzahl von Pigmentplattchen gemal Anspruch 1,
wobei die rechteckige Form eines Plattchens eine
bevorzugte Ausrichtung des Plattchens und eine
bevorzugte Ausrichtung des verdeckten Symbols,
das auf dem Plattchen angeordnet ist, bewirkt.

Revendications

Une pluralité de paillettes de pigment présentant des
propriétés de changement de couleur, des proprié-
tés magnétiques, et portant un élément caché au
sein des paillettes ; comprenant :

une couche magnétique prise en sandwich en-
tre deux couches réfléchissantes en aluminium,
en plus d’une couche d’absorbeur et d’'une cou-
che diélectrique afin de fournir des couches a
changement de couleur sur chaque cbété ;
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ou la forme d’une paillette de la pluralité de
paillettes de pigment est rectangulaire.

Une pluralité de paillettes de pigment telle que re-
vendiquée dans la revendication 1, ou la couche
magnétique comprend du Ni.

Une pluralité de paillettes de pigment telle que re-
vendiquée dans la revendication 1, la pluralité de
paillettes de pigments étant utilisées pour créer un
élément patent.

Une pluralité de paillettes de pigment telle que re-
vendiquée dans la revendication 1, ou le symbole
caché est sélectionné parmi soit un symbole de
I'euro, soit un globe.

Une pluralité de paillettes de pigment telle que re-
vendiquée dans la revendication 1, ou I'élément
patent créé avec la pluralité de paillettes de pigment
comprend un effet optiquement variable.

Une pluralité de paillettes de pigment telle que re-
vendiquée dans la revendication 5, ou I'effet opti-
quement variable est un contraste visuel.

Une pluralité de paillettes de pigment telle que re-
vendiquée dans la revendication 1, ou la forme rec-
tangulaire d’'une paillette permet d’obtenir une ori-
entation privilégiée de la paillette et une orientation
privilégiée du symbole caché disposé sur la paillette.
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